The Pelmian and Triassic of Minorca (Balearic Islands) consists of a 670-m-thick, red, alluvial succession that includes in situ calcrete profiles and reworked calcrete material. In the Permian succession, the calcretes vary from laminar forms developed on the Carboniferous basement to weakly developed nodular calcretes in fluvial sediments. The palaeosols in the Triassic are mostly dolomitic, and the profiles reach up to Stage III of soil development (Spec. Pap.-Geol. Surv. Am. 203, (1995) 1). The clasts, fOlmed through reworking of the palaeosol profiles, are about 0. 5-10 cm across and include mosaics of calcite/dolomite crystals, brecciated clasts, rhizolith fragments, and aggregates of clay and/or silt. These clasts appear in three different types of deposits. Type 1 cOlTesponds to lenticular bodies that fill small scour surfaces, and consists only of intraformational conglomerates. These deposits are interpreted as ephemeral channels and sheet-floods that represent the interfluvial drainage systems that captured only the precipitation falling on the alluvial plain. Type 2 includes sand dune 3-D bodies with flat bottoms and convex tops. These bodies are about 20 cm high and 2 m wide, and were formed by floodwaters that flowed down the levees of the major streams. Type 3 channel deposits contain reworked calcretes and extrabasinal clasts, which overlie erosive surfaces and are found in layers within cross-bedded sandstones and conglomerates. These are interpreted as channel-floor lag deposits of major channels that entered from distant uplands and drained the alluvial plain.
Introduction
Ca1cretes are widespread in alluvial sequences of arid to semiarid climates (Goudie, 1973; Wright and Tucker, 1991) . Their presence is considered a good indicator of sedimentation rates, vegetation type, tec tonic regime, climate and sedimentary discontinuities (Etthenson et aI., 1988; Retallack, 1994; Mack et aI., 2000; Alonso-Zarza, in press ). Calcrete profi les in the geological record are easily preserved; proof of this is the huge amoWl t of literature on their description, interpretation and signifi cance. However, in some cases, calcrete profi les--especially weakly developed profi les-can be reworked, with ca1crete clasts being included in different types of charmels (Allen and Williams, 1979; Blakey and Gubitosa, 1984; Sarkar, 1988; Khadkikar et aI., 1998, amongst others) or even fl oodplain deposits (Marr iott and Wright, 1993) . The reworked clasts, consisting of either carbonate or mud aggregates can be transported as bedload, as shown by Rust and Nanson (1989) , in both modem and ancient rivers. However, in ancient deposits, compaction may lead to the loss of the original grain texture, and it may be diffi cult to determine whether or not the mud was originally a soil aggregate ( E kes, 1993) .
Reworked ca1crete grains of various sizes have been fOWl d in deposits fo rmed by intrabasinal c1asts, and they are also associated with extrabasinal compo nents, in different types of fl uvial deposits such as dWl es, the bases of major channels, and sheet-flood deposits, etc. (Allen and Williams, 1979; Sarkar, 1988; Khadkikar et aI., 1998) . Both the style of the deposits and the composition of the grains are impor tant for deducing the processes of soil fo rmation on fl oodplains, for determining the drainage network of the basin, and for interpreting the climatic and sub sidence conditions Wl der which the soils were fo rmed and reworked (Blakey and Gubitosa, 1 984; Marr iott and Wright, 1996) .
The recognition and correct interpretation of reworked soil aggregates, or more specifi cally of ca1crete clasts, is important since many soil profi les are completely eroded. The only proof of soil development and reworking in the fl oodplains may be the presence of these components. This is especially important when ca1crete development is weak and the nodules fo rmed within soft host rocks, such as fl oodplain mudstones, are easily liberated and reworked by superfi cial runoff
In this paper, the Permian and Triassic alluvial succession of Minorca is studied. This succession contains "in situ" ca1crete profi les, as well as the reworked ca1crete clasts in different types of fl uvial deposits . The aims of this paper are to describe and analyse these deposits and to Wl derstand the origin and conditions required for their formation. This will provide data for interpreting sedimentation rates and describing the development of the fl oodplain, as well as shed light to the accommodation rates and climatic conditions during the Permo -Triassic.
Geological setting
The Balearic Islands, located in the western Med iterranean ( Fig. 1) , belong to the Alpine system and form part of the Betic-Balearic domain. The structure of this domain is the result of two major tectonic processes that operated in the western Mediterranean during the Neogene: the building of the Betic thrust system, during the Oligocene-Middle Miocene, and the opening of the Algerian basin, during the Middle Late Miocene (Fonbote et aI., 1990; Ramos, 1995) .
The area that became the Balearic Islands fo rmed after the Early Permian unifi cation of the Pangaea supercontinent (Ramos, 1995) . The initial stages of rifling took place during the Late Permian and even the Triassic (Sopefi a et aI., 1988) , when Africa and Europe moved apart Wl der a sinistral transtensional regime, allowing the development of a network of graben systems (Rarnos, 1 995 Lithostratigraphic section of the Pennian of northern Minorca (modifi ed from Rosell et aI., 1988) . PI, P2 and P3 correspond to lUlits of the Pennian succession. BI and B2 correspond to the Triassic lUlits (BlUltsandstein); M is used for the Muschelkalk.
mentary fill includes, from base to top: (1) nonmarine clastic deposits (Buntsandstein fa cies), (2) shallow marine carbonates (Muschelkalk), and (3) evaporites and clastic deposits (Keuper fa cies).
This paper fo cuses on the Late Permian (Thurin gian) and Middle Triassic (Anisian) deposits of north ern Minorca, the most northeastern island of the archipelago.
Stratigraphy and sedimentalagy
The Pennian and Triassic of Minorca comprise a succession of about 670 m of red mudstones, sand stones and gravels (Fig. 1) .
The Pennian deposits Ullconfonnably overlie older Palaeozoic rocks and are commonly divided into three units, their overall thickness being 440 ill. The basal unit (PI), 5-15 m thick, has a limited continuity being absent or very reduced in thickness in wide areas of the study area. Maximum thickness of the Wl it is recognised in areas where the Wl it fi lls depres sions within the Carboniferous palaeorelief. Unit PI is made of c1ast-to matrix-supported, red breccias (Fig.  2) . The c1asts are mostly quartzites, schists, shales, carbonates and radiolarites from adj acent Palaeozoic reliefs (Fig. 3A) . Most are rubifi ed (Rosell et aL, 1 988) . They are angular to subangular and from 2 to 25 cm in size. The matrix consists of red mud and/or sand. The breccias occur in beds of about 0.5-1 rn, with erosive bases and are crudely bedded. Weakly developed calcretes are recognised at the top of many of the breccia beds. The unit (PI) was deposited in alluvial-colluvial systems that fi lled palaeovalleys entrenched within the Carboniferous (G6mez-Gras, 1 993). Similar situations have also been recognised in the Catalan Coastal Ranges (Marzo, 1980; Ferrer, 1 997) .
The intermediate unit (P2), about 240 m thick, consists mostly of red mudstones with interbedded sandstones sheets. Mudstones constitute about 70% of the unit. The sandstones are medium to coarse grained sublitharenites and quartzarenites organised in 3 -1 O m-thick bodies. The lower contact of these sheets is generally sharp and erosive, whereas the upper contact with the overlying [me-grained cross-laminated sand stone is transitional . The basal erosion surface is locally overlain by a thin lag deposit mainly consist ing of a conglomerate of reworked ca1crete c1asts. The sequence within the sheets shows an upward decrease in grain size and in the scale of sedimentary structures. Large trough and/or tabular cross-stmtifi cations are abUll dant in the lower part of the sheets, whereas medium-scale cross-strata are characteristic of the upper part. Small-scale ripple-bedded sandstones are present at the top of the sheets . Low-angle cross cutting scour surfaces (macroscale-inclined strata) overlain by a fi lm of mud or reworked ca1crete clasts are characteristic of the sandstone sheets. Palaeocur rent measurement indicate a general southwest trend.
The red mudstones, 1-20 m thick, are weakly stratifi ed, and there is some preservation of horizontal laminae and ripple cross-laminae. Thin, tabular, fi ne grained sandstone bodies are interbedded with mud stones. Horizontal laminae and climbing-ripple cross laminae are the predominant structures. Small scour surfaces overlain by lenticular sandstone bodies including reworked ca1crete clasts are also common. Ca1crete profi les (up to stage Ill) developed on these mudstones .
Unit P2 was deposited in a meandering fl uvial system in channels with lateral accretion movements in which point bars fo rmed (G6mez-Gras, 1 993). Ramos (1995) also interpreted the Permian redbeds of Majorca Island as deposited in a meandering fl uvial system. The mudstone beds represent the vertical accretion sediments deposited during periods of over bank fl ooding, and reduced sedimentation rate within the fl oodplain favoured the development of the cal cretes. Small laterally restricted, fl at bases or chan nelized bodies are probably crevasse-splay deposits that often contain reworked ca1crete clasts resulting from the erosion of the levees . The occurrence of reworked ca1crete clasts in conglomerate lag deposits, lining the scours of major channels, indicate that they were derived from the soils contained in blocks of fl oodplain deposits that collapsed from the cutbank, as described by Ramos (1995) .
The upper unit (P3) is mainly composed of sand stone bodies, which represent more than 70% of the unit, with interbedded red mudstones . The sandstone sheets of these units are similar to the sheets ofWl it P2 except they are not isolated within the mudstones, but commonly amalgamated. So, the larger tabular bodies commonly consist of severnl amalgamated stories, each made of incomplete upward-fi ning and -thinning sequences with lag deposits (up to 0.5 m) overlying erosion surfaces. The overbank red mudstones are similar to the described for Wl it P2 and also contain ca1cretes. Reworked ca1crete clasts are more common and thicker in these amalgamated sheets than in sheets of unit P2.
This unit was deposited in a meandering system in which the fl oodplain was extensively reworked by lateral channel migration favouring the fo rmation of abWldant reworked ca1crete deposits .
:;
.. The lower Buntsandstein unit (B 1) has a mean thickness of 130 m. A 10-m-thick basal quartzose conglomerate overlies the Permian Wlconformity. Pla nar-tabular cross-bedded sandstones make up most of the unit. The sandstones are medium-grained quartz arenites arranged in 5-m-thick bodies fo rmed by cross-bedding sets defi ned by internal erosion or reactivation surfaces. Individual sets may reach 5 m in thickness, most of them consisting of simple fo re set, that on occasions may be interrupted by internal erosion or reactivation surfaces. The palaeocurrent distributions show a constant SW trend.
The characteristics of the sandstone beds of this unit indicate that its deposition took place in a braided fl uvial system (G6mez-Gras, 1993), which is in agree ment with the interpretation of deposits of similar age from Majorca (Ramos, 1995) .
The upper Buntsandstein unit (B2) is 100 m thick and conformably overlies the lower BWltsandstein. It is composed of red mudstones and subarkoses and includes a number of compoWl d and composite palae osol profi les as well as reworked calcrete deposits (described below). The mudstones and sandstones are very similar to those described in the intennediate Pennian Wlit (P2), so in the same way it can be interpreted as deposited in a meandering fl uvial sys tem (G6mez-Gras, 1993).
The BWl tsandstein passes upwards into the carbo nate Muschelkalk (M) and is up to 125 m thick (Llompart et aI., 1 987), ranging in age from Late Anisian to Carnian. Muschelkalk is constituted by shallow marine carbonate platfonns of ramp type.
3. Calcrete profiles 3.1. Calcrete profiles in the Permian: Cala Pilar section A study was made of five different calcrete profi les in the nearby Carboniferous sandstones and mudstones at the base of the Pennian section of Cala Pilar (Fig. 1 ) . The studied section is about 6 m thick (Fig. 2) .
The fi rst profi le developed in Carboniferous host rock, which was affected by profound rubefi cation leading to the fo nnation of a trWl cated laterite profile, developed during the Lower Permian (G6mez- Gras and Ferrer, 1999) at the Carbonifer ous-Pennian Wl confonnity. The calcrete is super imposed on both the previous sedimentary structures of the Carboniferous deposit and the laterite. The fi rst profile consists of two horizons. The lower horizon is developed on rubified sandstones and has a network of carbonate veins that fo llow pre vious bedding or fracture planes . The veins are irregular, about 5 cm wide and 50 cm long . They consist of micritic carbonate that may include relics of the fe rruginous host rock (Fig. 3B ). The micrite is mottled and includes alveolar septal structures and desiccation cracks. Locally, it is recrystallised to micro-and pseudospar. Root structures ( Fig. 3B and C) are relatively common and about 1 mm in diameter. In thin section (Fig. 3C ), they are rounded and have an inner part of yellow microspar sur roWl ded by a grey micritic ring, and an outer cortex of coarse-elongated calcite crystals. The upper hori zon, 30 cm thick, consists of carbonate laminae intercalated between the bedding planes of the mud stone host rock. The carbonate consists of a crystal line mosaic of pseudospar with relics of micrite nodules. Desiccation cracks, mottling, micritic fi la ments and alveolar structures are common, as are relics of etched ferruginous host rock.
The second and third profi les ( Fig. 2 ) developed on coarse breccias (Fig. 3A) to siltstones deposited in alluvial environments during the Upper Pennian (G6mez-Gras, 1993). The morphology of the ca1cretes was controlled by the texture of the detrital deposits on which they fo rmed. The lower horizons of the two profi les consist of clast-supported breccias with irreg ular micritic coatings. Carbonate nodules and root traces are common in the red matrix. In their middle, root traces are larger and more prominent, and are distributed both horizontally and vertically. The upper horizons commonly developed on matrix-supported breccias. These horizons are characterised by an orthogonal network of root traces intercalated between silts and clays of the matrix-supported breccias. This network clearly resembles the root mats described by Wright et al. (1988) in the Cameros Basin. Carbonate nodules and fi ne root tmces occur all along the upper horizons.
The fourth profi le ( Fig. 2) is developed on matrix supported breccias that include some sheets of clast supported breccias . The fi fih profi le is developed on red mudstones. Thin lenses containing reworked, granule-sized calcrete clasts are distributed throughout both profi les. These profi les (4th and 5th) may be considered compound (Kraus, 1 999) . In both profi les, the sedimentary deposits are interbedded with beds containing carbonate nodules, and calcitic root traces are arr anged vertically. These root traces are several millimetres wide and a few centimetres long, and are fo rmed by diffusely laminated micrite with a central cavity. On occasion, root traces are larger, about 10 cm in diameter and 25 cm long (Fig. 4) . These are grey in colour and also have a central cavity. They are arr anged either vertically or horizontally and typically bifurcated dO\vnwards. The larger root traces are lighter and are composed of peloidal and desiccated micrite with alveolar septal structures. Carbonate nodules are preferentially distributed close to root traces . The carbonate nodules are millimetre-sized and consist of a mosaic of calcite crystals varying in size from micrite to pseudosparite. The nodules are typically mottled and disrupted by desiccation cracks and contain etched detrital grains.
interpretation
The main features of the calcretes in the Cala Pilar section indicate the importance of roots in form ing both macro-and microstructures. At the macro scale, roots contributed mostly to the development of the fI rst laminar profIle. They penetrated the discontinu ities within the host rock (either fractores or bedding planes) and fav oured a mostly laminar carbonate accumulation (Fig. 3B) . At the microscale, the pres ence of roots is confmn ed by some sections in which the root anatomy is preserved (Fig. 3C) . In these sections, the inner part probably corresponds to the medulla, the micritic ring to the endodermis and the external part to the root cortex, as seen in Miocene ca1cretes from the Madrid Basin (Alonso-Zarza et aI., 1 998). These ca1cretes are diffIcult to classify according to their degree of development (cf. Machette, 1985) since they commonly lack nodular horizons and the laminar horizons are developed directly in the host rock, as also described in the Miocene of central Spain (Alonso-Zarza, 1 999). However, this laminar horizon is similar to classical laminar calcrete hori ZOl1S, and tentatively can be assessed to stage V In the fI rst profIle (Fig. 2) , the growth of roots was probably controlled by the availability of water either in the discontinuities between bedding planes, allowing the fo rmation of subhorizontal carbonate laminae, or in the cracks. The hard, rubifIed host rock could have favoured the preferential growth of roots in a hori zontal mat. ProfIles 2 and 3 (Fig. 2) are relatively weakly developed since they lack even coalescent nodules (Fig. 3A) . In coarse-grained host rocks, the accumulation of soil carbonate is more rapid (Gile et aI., 1966) . Pedogenic modifI cation of these breccias was also driven by root activity, either fo rming carbonate nodules or thin laminar calcretes. However, in profIles 4 and 5 (Fig. 2) , which are also weakly developed, roots were able to fo rm large rhizoliths (Fig. 4) . ProfIles similar to 4 and 5 are the most characteristic and are very common in the Permian units ( Fig. 1) where they developed mostly on red mudstones, but also on sandstones . In the Middle Triassic, palaeosol profiles are developed in red mudstones and siltstones (Fig. I) . Up to 19 different dolocretes in the Netterberg (1 980) sense were recognised in no more than 20 m of the strati graphic log (Fig. 5) . Deposits of reworked palae osol clasts are commonly incorporated into different profIles (Fig. 6A) . They are easily recognised by their ochre colour, which contrasts with the general red colour of the overall section. The profi les are either composite or compound (Kraus, 1999) . Most are characterised by the presence of carbonate nodules within the host rocks (Fig. 6B) . The main difference between the profiles is their degree of development, which varies from stage I to stage III (Machette, 1985) . This paper describes one of the best developed profi les, which includes all the pedogenic features recognised in this section (Fig. 5) . The lower horizon of the more developed profIles (St Ill) are similar to mation processes that might be attributed to these last two factors; the micromorphology is very homoge neous across the study sections. Roots were important in the fo rmation of these soils, as indicated by the presence of some alveolar structures and root traces. However, dolomitization of the profiles probably erased many of the primary fe atures of these doloc retes. Stages of soil development indicate an aggrad ing fl oodplain with brief pauses in the sedimentation that fav oured weak soil development.
Petrography of the reworked calerete deposits
The reworked calcrete deposits occur in both the Permian and the Triassic successions (Figs. 2 and 5 ). In the Permian deposits, they are composed mostly of calcite, whereas in the Triassic they are dolomitic. In both cases, they consist of carbonate clasts about 0.5-10 cm across. They are commonly spherical, but some are cylindrical as in the case of some root hairs. In the outcrop, they have a red colour. Both include clays and iron oxides/hydroxides . The fo llowing types of clasts can be recognised.
(a) Clasts consisting of a homogeneous mosaic of calcite/dolomite crystals varying from micrite to pseu dospar size (Fig. 7 A) . They are spheroidal, though some are irregular. Several smaller grains embedded in a micrite matrix may form the larger, compoWld clasts . Some of these grains include quartz or mica of silt/sand size. Alveolar septal structures are sometimes present in the more micritic clasts. In some cases, they have three different irregular coatings of carbonate (micrite/microspar) or iron oxides/hydroxides (Fig.  7B) .
These clasts may include varied quantities of clay pellets, dispersed clays and iron oxidesJ hydroxides. Under the microscope they are mottled, varying in colour from green (micrite) to bro\Vll in those clasts containing more clay or iron.
(b) Brecciated clasts with a network of cracks fi lled by caleite spar (Fig. 7C) . The clasts consist of a groundmass of clay, iron oxidesJhydroxides and micrite that, in some cases, includes varied amoWlts of etched detrital grains. The groundrnass is disrupted by planar, arcuate or circumgranular cracks (Fig. 7D ) about 0.1 mm wide and 1 mm in length. The circum granular cracks surro Wld small nodules or detrital grains. Root traces and associated alveolar septal structures also contribute to the brecciation. Isopa chous rims of calcite cement occur aroWld some of the detrital grains (Fig. 7E) . These clasts vary in colour due to the different amounts of clays, iron oxides/ hydroxides and micrite they contain, but in general are darker than those previously described.
( c) Rhizolith fragments. These are cylindrical, the smallest being about 2 mm in diameter and 6 mm in length (Fig. 7D) . Larger rhizolith fragments are about 2 cm in diameter and 10 cm long . They have a central cavity sometimes fi lled by calcite spar cement. AroWld this cavity, the micrite that forms most of the rhizolith is either massive or weakly laminated. The rhizoliths vary in colour from grey to red-bro\Vll, indicating, in the latter case, their stain ing by oxides/hydroxides .
(d) Other varieties of clasts include clay and/or silt aggregates (clay chips). These are mostly red and commonly elongated. Their size varies from a few millimetres to 5 cm. On occasion, the clay/silt clasts are strongly impregnated with iron, giving a very dark colour. These darker grains may be affe cted by circumgranular microcracks fi lled with calcite. Frag ments of coalifi ed plant remains also occur in the reworked deposits .
Diagenesis
Both the calerete profi les and the reworked calerete deposits underwent different diagenetic processes. The Permian deposits show a simple diagenetic imprint and the clasts are coated by a dark and irregular fihn emiched with iron and a late calcite spar cement fi lls the rest of the porosity (Fig. 7 A and  B) . The Triassic deposits have a more complex diagenetic overprint. The clasts of the reworked calcrete deposits have a fi rst isopachous rim of acic- (B) Close-up view of one of the palaeosol profiles of the Sa Punta Rotja area. In the lower part of the picture, the horizon is fonned by red mudstone with dispersed carbonate nodules that increase in size from base to top. In the upper part, the carbonate nodules coalesce to build the uppennost horizon. Pen for scale is 14 cm long. Cc) Photomicrograph of dolomitic nodules of the Triassic profi les. ular phreatic cement (Fig. 7E) , which actually is dolomitic. Irr egular Fe-coatings envelop the grains and the acicular cement. The rest of the porosity is fi lled with phreatic calcite spar cement. The Triassic palaeosols were initially calcitic. Dolomitization could have caused the loss of much ofthe primary texture of the ca1cretes and occurred after the fo rmation of the acicular phreatic cements .
Sedimentology of the reworked calerete deposits
From a sedimentological point of view, three types of reworked ca1crete deposits can be recognised.
Type 1
Lenticular bodies that fill small scour surfaces (such as in profi le 5; Figs. 2 and 8A). These may show cross-lamination and diffuse fining upward grading . These bodies are up to 10 cm thick and less than 1 m wide, and are made entirely of intrafonna tional conglomerates accumulated in small channels originated within the fl oodplain (Fig. 9A) . The clasts are of all the four types described above, and com monly include mud-chips. Grain size varies from granules to coarse-sand. The carbonate composition of the clasts of these deposits contrast notably with the dominant extrab asinal siliciclastic composition of most of the Pennian and Triassic red beds.
6.1.1. interpretation Allen and Williams (1979) interpreted similar deposits from the Siluro -Devonian of Wales as rep resentative of interfl uvial drainage systems that cap tured only the precipitation fal ling locally on the alluvial plain, and perhaps the waters of the main rivers during severe fl oods. Ephemeral channels and sheet-floods fo rmed after sporadically heavy rains and drained local areas of the fl oodplain, possibly remov ing an important amoWl t of sediment (NIarr iott and Wrigbt, 1993) . The capacity of erosion is the deter mining factor in deciphering whether these channels or fl oods can erode mature (Stages IV-VI) or only immature ca1cretes (Stages I-Ill). In this study, only poorly developed soils were seen. Their reworking was therefore relatively easy since the red mudstones that include the ca1crete nodules are easily remobilised (Rust and Nanson, 1 989) , fav ouring the transportation of the ca1crete nodules. The reworking would mostly affe ct the uppermost part of the fl oodplain sediments .
Type 2
3-D sand dune bodies with fl at bottoms and convex tops (Fig. 8B) are about 20 cm higb and 2 m wide. These dunes pass laterally into sandstones with climb ing ripples, and consist of reworked ca1crete clasts of granule to coarse-sand size. Internally, they show asymptotic cross-bedding. The composition of the clasts is similar to type 1.
interpretation
The 3-D bodies were fo rmed by floodwaters that fl owed do\Vll levees of the major streams that fl owed to the southeast, while palaeocurrent measurement in the levees indicate a northwest direction (Rosell et aI., 1 988) . These fl oodwaters may have eroded the poorly developed soils fo rmed close to the charmels (Fig.  9B) , as described by Allen and Williams (1979) . In this situation, the reworked ca1crete clasts and clay chips may form part of these small crevasses as also described by Ramos (1995) in the Permian of Majorca.
Type 3
Within channel deposits, the reworked ca1crete clasts overlie erosive smfaces and are seen in layers within cross-bedded sandstones/conglomerates (Fig.  8e) . The four types of reworked clasts described above are present within the channel deposits . How ever, extrabasinal siliciclastic grains also occur. The clasts are coarser than those recognised in overbank deposits and may reach 10 cm across. Deposits over lying erosive surfaces occur as lags up to 50 cm thick at the base of the channels, or up to 10 cm thick on internal reactivation surfaces. Layers of reworked clasts within sandstones/conglomerate are centi metre-thick and outline the fo resets of the cross-strata.
interpretation
These sediments are interpreted as channel-fl oor lag deposits of major channels wandering over wide fl oodplain areas . The lateral migration of these chan nels or their avulsion are the main processes envisaged for the reworking of palaeosols and the fonna tion of channel-fill successions that include both reworked calerete and extrabasinal c1asts (Fig. 9C) . These channels have a high erosion capacity, and can erode mature ca1cretes if they are present in the floodplain. These deposits are similar to those described by Alien and Williams (1979) and Maniott and Wright (1 993) in the Old Red Sandstone of Wales, and fo rmed as the result of the erosion and deposition of major streams that entered from distant uplands and drained the alluvial plain. The same interpretation is given by Sarkar (1988) for carbonate grainstones containing quartzose sandstones in the Late Triassic deposits of the Pranhita-Godavary Val ley, south India, and by Khadkikar et al. (1 998) for ca1crete conglomerates in the Late Quaternary depos its of Guj arat, western India. The Pennian and Triassic fl oodplains of Minorca include a number of beds containing reworked cal crete deposits, whose characteristics and situation within the strati graphic succession may reveal the different aggradational, pedogenic and erosive pro cesses prevailing during their fonnation. Although some information on the fl uvial sequence is lacking due to the limited outcrops, some data on landscape stability, soil development and preservation as well as accommodation rates can be obtained through the study of the overall Pennian and Triassic deposits. Most studies on fl oodplains have mostly fo cussed on the clastic deposits as well as in the soils, but the fo nnation of soil within a fl oodplain will also be indicated by the recognition of reworked soil frag ments, which are very common in the study area. The reworked ca1crete deposits recognised in the Pennian and Triassic deposits of Minorca have a clear paucity that helps to interpret fl oodplain development during those times.
Overall, the Pennian deposit refl ects a complete sequence of creation and infi ll of accommodation space (Fig. 10) . The basal Pennian deposits overlie an unconfonnity marked by rubefi ed profi les devel oped on Carboniferous Cuhn fa cies (G6mez- Gras and Ferrer, 1999) . Deposition during the Pennian occurred in three different stages:
Stage I (P 1) consisted of the infi ll of large palae ovalleys entrenched in the Carboniferous (G6mez Gras, 1 993) . At the same time, outside the palae ovalleys, laminar caleretes (such as profi le 1; Fig. 2 ) developed in most areas of the basin, indicated by the lack of sedimentation. Ca1cretes also developed on small alluvial fan breccias locally overlying the hinter land (profi les 2, 3 and 4; Fig . 2 ). Alonso-Zarza et al.
(1 992) have described a similar situation in the margins of the Tertiary of the Madrid Basin.
Stage II (P2) represents the maximum vertical aggradation rate of the basin. This is when thick [me-grained sediments, including isolated meandering channels, poorly developed soils and reworked cal crete deposits, accumulate. Reworked ca1crete depos its are mostly of types 1 and 2 (Figs . 8A,B and 9A,B ) .
In stage III (P3), vertical aggradation of the fl ood plain was drastically reduced, resulting in an increased density of channel bodies, with channels periodically eroding older fi lled channels. This change was due to a decrease in the subsidence rate (G6mez-Gras, 1993). Lateral accretion deposits dominate this stage. The amoWl t of fi nes is also reduced . Reworked ca1crete deposits are mostly of type 3 (Figs. 8C and 9C) . The overall Pennian succession in Majorca shows a sim ilar vertical evolution concerning to sedimentary fa des as well as to variations in the floodplain aggradation rate (Ramos, 1995) .
These three stages can also be interpreted in tenns of variation of the accommodation space (Fig. 1 0) . Attempts have also been made to relate similar changes to base-level (Wright and Marr iott, 1 993) . Stage I may represent the lowstand interval or back- fi lling during early transgressive interval. In stage II, the accommodation space is at its greatest, resulting in high rates of storage of fl oodplain sediments . Ephem eral streams easily reworked poorly developed soils. This stage may be assigned to the trans gressive system and early highstand phases. In the last stage, the accommodation space becomes reduced and chan nels migrated laterally, reworking floodplain sedi ments and soils. At this stage, well-developed soil profiles may form (McCarthy et aI., 1 999; Plint et aI., 2001) , although none were seen in Minorca, probably because of their low preservation potential . This stage was assigned to the highstand phase. After the Pennian deposition, a relative fall in base level occurred, initiating a Triassic sequence overlying an erosive unconformity (Fig. I) . In stage IV (B I) (Fig. 1 0) , sedimentation took place in braided streams that fo nned the lower Buntsandstein Wl it. This is marked by a general increase in sediment grain size, and represents higher erosion rates upstream and extensive reworking of the Pennian deposits (Arribas et aI., 1990) . If fo rmed, ca1cretes were not preserved in this part of the sequence.
During stage V (B2), the accommodation space increased, allowing the rapid aggradation of the fl ood plain. Isolated meandering charmels and thick sequen ces of fi ne-grained sediments containing a large number of ca1crete profi les are characteristic of this stage (Fig. 6A ) . Sedimentation and pedogenesis were periodically interropted by erosion within the fl ood plain, fo nning reworked ca1crete deposits mostly of types I and 2.
In terms of base level changes, the fourth stage may represent the lowstand phase or even the late highstand, where the base level started to fall and the river gradients increased. Stage V (B2) may be considered the transgressive interval, whereas the Muschelkalk (Stage VI) marine fa cies may be inter preted as the highstand depositional system and may be equivalent to the eustatic sea-level rise that took place during the Anisian (Middle Triassic) in Majorca (Ramos, 1 995) . This event may be correlated with the fi rst transgressive events affecting eastern Iberia (Cal vet et aI., 1 990).
The Pennian and Triassic deposits of Minorca were laid down during a significant period of crustal evolution. Tectonic rifling had begun as the fi rst stages of the fragmentation of Pangaea. Calvet et al. (1990) and Ramos (1995) explain the pattern of sedimentation for this period as simply a response to the tectonic regime. However, in the western Iberian Ranges, a late phase of thermal subsidence probably occurr ed during the deposition of the Muschelkalk fac ies (Sopena and Sanchez-Moya, 1 997). In the eastermnost part of the Iberian Ranges (L6pez-G6mez and Arche, 1 993), the Late Permian and Triassic sediments were deposited during two phases of exten sional tectonics and subsidence: an early rift (tectonic subsidence) phase and a later fl exural (thermal sub sidence) phase.
Climate and vegetation
Ca1cretes are indicators of arid and semiarid cli mates (Alonso-Zarza, in press). However, in the case of carbonate parent rock, they may fo nn when annual rainfall is in excess of 1500 mm (Goudie, 1 983) . Carbonate host rock was very limited in the study area. In more arid climates, gypsum is the main precipitate in soils. Pennian and Triassic climates were semiarid with strong seasonality, in which sporadic and heavy rainfall events caused reworking of the floodplain sediments and soils. Ca1cretes fo nned in the longer drier periods. Other evidence of seasonality lies in the micromorphological features of the soils, e.g., the presence of different types of desiccation cracks, ferruginous nodules, Pe-oxide void coatings, mottled zones (McCarthy and Plint, 1998; McCarthy et aI., 1998) and the concentric laminae of iron oxidesJhydroxides alternating with calcitic laminae (Sehgal and Stoops, 1972; Sarkar, 1988) .
The Pennian and Triassic fl oodplains were sparsely covered by vegetation as revealed by the presence of large rhizoliths, alveolar septal structures and frag ments of tree trunks at the base of some channels. The root structures and their degree of preservation are somewhat different between the Pennian and Triassic sections. Within the Pennian, root structures are well preserved at the macro-and microscale, whereas in the Triassic they are poorly preserved and large rhizoliths and clear root sections are lacking . These differences may be explained by the dolomitization that mostly affected the Triassic sequence, and some of the organic fe atures could therefore have been lost. Another pos sibility is that vegetation was more abundant during the Permian. The resulting structures would therefore have had a greater chance of being preserved. Both explanations may suggest a wetter climate for the Permian; however, information on plant species is relatively poor, consisting mostly of pollen and spores from conifers (Bourrouilh, 1973; Rosell et aI., 1990; Broutin et aI., 1992) , which reveal little about the climate .
Conclusions
Three types of reworked ca1crete deposits were recognised in the study area. Type 1 corresponds to deposits of ephememl channels and refl ects major rain events on the fl oodplain. Type 2 is interpreted as 3-D dunes formed by fl oodwaters that fl owed down levees of the major streams. Type 3 was deposited as the bed load of major channels wandering across the fl ood plain. Types I and 2 are mostly fo rmed by intrabasinal clasts, whereas type 3 includes both intrabasinal and extrabasinal clasts.
These types of reworked ca1crete deposits form a signifi cant part of the Permian and Triassic fl ood plains, and their study is important for Wl derstanding the infi ll of this fl uvial basin under the conditions of a semiarid and seasonally contrasting climate.
The reworked deposits have a clear distribution that may be explained by taking into account the rute of aggradation of the fl oodplain and the characteristics of the depositional systems that developed in each of the stages of infi ll of the basin. In the initial stages, such as PI and BI, corresponding to lowstand or early transgressive intervals, the occurrence of reworked ca1crete deposits is very reduced because the possi bility of soil fo rmation is limited when the palae ovalley is being infi lled, and if they form, they may be easily eroded; therefore both soils and reworked ca1crete deposits are of diffi cult preservation in these stages. In the transgressive stages (P2 and B2), the high rates of aggradation of the fl oodplain favour the fo rmation of abWl dant compoWl d soils; in our case, weakly developed ca1cretes, which ca1cretes can be easily reworked to form mostly deposits of type I and 2. Locally, some type 3 deposits may fo rm. At last, in highstand stages (P3), the low rute of aggradation of the fl oodplains may favour the fo rmation of better developed soils (composite and cumulative) but of diffi cult preservation due to the active erosion caused by the movements of the channels within the fl ood plain. Type 3 of reworked deposits are more typical of this stage but types I and 2 may also fo rm.
The recognition and interpretation of soil horizons helps considerably in deciphering differences in fl ood plain accretion rates. Ca1crete horizons are commonly studied in situ, but in some cases they have been eroded. The presence of soil clasts within any type of deposit is an important clue for determining not only that soils fo rmed, but also the processes that accoWl ted for their reworking.
